Function of dystrophin Dp71 isoforms is unknown but seems related to neurite outgrowth and synapse formation. To evaluate Dp71role in myoneural synapses, we established a coculture model using PC12 cells and L6 myotubes and analyzed expression and localization of Dp71 and related proteins, utrophin and b-dystroglycan, in PC12 cells. Confocal microscopy showed Dp71d isoform in PC12 nuclei, golgi-complex-like and endoplasmic reticulumlike structures, whereas Dp71ab concentrates at neurite tips and cytoplasm, colocalizing with b-dystroglycan, utrophin, synaptophysin and acetylcholine receptors. Evidences suggest that Dp71ab isoform, unlike Dp71d, may take part in neurite-related processes. This is the ¢rst work on Dp and members of Dp-associated protein complex roles in a cell-line based coculturing system, which may be useful in determining Dp71 isoforms associations. NeuroReport
Introduction
Dystrophins (Dp) are a family of proteins derived from the dmd gene, ranging from 40 to 427 kDa. Along with its homolog protein family (utrophins, Up), functional roles for each product seem distinct as they are often restricted to different subcellular locations, and their interactions with other proteins vary in affinity and origin.
Dp-associated protein (DAP) complexes are proteins that can interact with Dp and Up [1] , and comprise dystroglycans (DGs), sarcoglycans, sarcospan, syntrophins and dystrobrevins [1] ; their activity and function depends largely on the proteins associated to it.
Knowledge on the role of Dp and DAP in synapse formation and stabilization is of the postsynaptic region of the neuromuscular junction (NMJ) [2] [3] [4] [5] , where at least one DAP, b-dystroglycan (b-DG), has been found involved in myoneural synapses [6, 7] . Dp and DAP role in presynaptic activity is poorly understood, but interesting results have arisen in studies of the mouse retina, with Dp427 and Dp260 related to the outer plexiform layer, whereas Dp71 localizes to the inner limiting membrane and retinal blood vessels [8] .
Dp71 shows alternative splicing [9] , leading to Dp71 isoforms with different affinities and subcellular localizations. In PC12 cells our group has identified isoforms Dp71a and c, which share the same carboxyl-terminus as Dp (Dp-d), and isoform ab, that possess a novel C-terminal sequence (Dp-ab, formerly known as Dp-f) [10] .
Subcellular localization of Dp-ab and d is different, at least in PC12 cells, HeLa, C2C12 and N1E115 cells [10, 11] .
Dp71d concentrates in PC12 nuclei upon differentiation, while Dp71ab is absent from nuclei and aggregates near neurite tips and varicosities, colocalizing with synaptophysin (syn).
PC12 cells express no Dp other than Dp71 [10] [11] [12] , making them a very interesting model to test the possible role for Dp71 in NMJ formation, at the presynaptic end. Inhibition of Dp71 expression by antisense technology leads to diminished neural growth factor (NGF)-induced neurite outgrowth [13] and cell adhesion disturbances [14] . We addressed the issue by a novel approach determining the subcellular localization of Dp71 isoforms, Up and b-DG, in a coculture model based upon PC12 cells and L6 myotubes.
Methods

Cell culture
Rat PC12 cells were cultured in DMEM (Invitrogen, Carlsbad, California, USA) with 10% horse serum (HS) (Invitrogen) and 5% fetal bovine serum (FBS) (Invitrogen). L6 rat myoblasts (CRL-1458, ATCC, Virginia, USA) were grown in DMEM with 10% fetal bovine serum and 1 mM MEM sodium pyruvate (Invitrogen) Myotubes were obtained by growing L6 myoblasts to confluence and lowering HS to 1%; after 7 days, differentiation was assessed by morphology, RT-PCR of rat myogenin mRNA and creatine kinase (CK) activity (Creatine Kinase Assay, Diagnostic Chemicals Limited, Prince Edward Island, Canada).
Differentiation of PC12 cells in the presence of L6 myotubes L6 myoblasts were plated on coverslips coated with 1 mg/ml of poly-L-lysine (Sigma, St Louis, Missouri, USA) and differentiated as described. After 7 days, cytosine arabinoside (araC) (Sigma) was added at 0.5 mg/ml for 72 h to avoid myoblast proliferation; araC was removed and 10 000 PC12 cells were placed on each coverslip. Cocultures were kept for 7 days in 1% HS-DMEM, 100 ng/ml NGF (Invitrogen) and used for immunofluorescence assays.
Indirect immunofluorescence assays
Coverslips containing cocultures were rinsed in cytoskeleton buffer [(10 mM methyl sulfonic acid, 150 mM NaCl, 5 mM MgCl 2 , 5 mMEGTA (ethylene glycol-bis (2-aminoethyl ether)-N, N, N 0 , N 0 tetraacetic acid) pH 7.0, 0.9 mg/ml glucose)] and then fixed and permeabilized for 5 min in 3% paraformaldehyde-0.5% Triton X-100 in cytoskeleton buffer, fixed in 3% paraformaldehyde for 20 min and blocked with 0.5% gelatin for 20 min. Primary antibodies used for detection were: H4, a polyclonal against Dp-d; 5F3, a monoclonal that detects Dpab; K7, a polyclonal for Up detection; LG5, a polyclonal for b-DG; and for acetylcholine receptor (AchR) detection, an anti-AChR a subunit antibody (AChR) (RDI-ACHERAabm, Research Diagnostics Inc., Concord Massachusetts, USA) or Alexa 594 linked a-bungarotoxin (BTx) (Molecular Probes, Invitrogen, Carlsbad California, USA) at a concentration of 3 mg/ml, were used indistinctively, as signal detected with either one was identical (data not shown). Secondary antibodies were Alexa-488 linked donkey antimouse (Molecular Probes), and CY3-linked goat antirabbit (Amersham, Piscataway, New Jersey, USA). All preparations were mounted with Vectashield (Vector Laboratories, Burlingame, California, USA) and analyzed using a Bio-Rad 1024 (Bio-Rad Laboratories, Hercules, California, USA) confocal microscope and Confocal Assistance 4.0 software (Todd Clark Brelje, University of Minnesota, Minneapolis, Minnesota, USA).
Results
Cocultures of differentiated PC12 cells and L6 myotubes L6 cells were differentiated as indicated in Methods, and differentiation was confirmed by visual assessment as well as by evaluation of differentiation markers CK activity and myogenin mRNA expression. L6 myotubes exhibited a 20fold increase of CK activity as compared with myoblasts (mean 19.7970.02), whereas myogenin mRNA expression was only detected in differentiated L6 cells, being its level high (data not shown). PC12 cells differentiated when NGF was added ( Fig. 1a ) but, when L6 myotubes were included, very long neurites, ranging up to 0.5 mm or more in length, arise from PC12 cell bodies reaching the myotubes surface ( Fig. 1b, arrow) . PC12 cells in coculture also showed low branching levels, and their neurites seemed to be directed toward L6 cells. These data suggest that PC12 cells differentiated in the presence of L6 myotubes could form NMJ-like structures in a well-oriented manner.
Distribution of dystrophin, utrophins, b-dystroglycan, AChR and synaptophysin in L6 and PC12 cocultures Dp-ab and d detected in PC12 cells in cocultures showed a strong difference in localization. Dp-d was confined mainly into the nucleus and a structure that resembled the endoplasmic reticulum (ER)-like structures and golgi-complex (GC)-like structures, but were almost entirely absent from neurites (red, Fig. 1c ), whereas Dp-ab was located in the cytoplasm, membrane, neurite, varicosities and concentrated in neurite growth cones (green).
Up and b-DG ( Fig. 1d and e, respectively) signals correlated to a high degree with Dp71ab, along cytoplasm, neurites and membrane, but unlike Dp71ab, b-DG and, Up, accumulated in PC12 cell nuclei. To determine the possibility that Dp-ab might take part in synaptic-like cell-signaling from PC12 cells, syn localization was compared with Dp-ab ( Fig. 1f) , showing that Dp-ab colocalizes with syn, with a high accumulation inside the tip of the neurite growth cone.
Trying to determine, whether cell-to-cell contacts between distal tips of the PC12 neurites and sarcolemma of L6 myotubes might resemble NMJ, we searched for AChR clusters in L6 sarcolemma upon neurite contact stimulation. When AChR detection was done in PC12 cells alone, either with anti-AChR antibody or BTx, we found a positive signal for AChR-a-1 subunit in the nucleus besides a signal along cytoplasm and neurites. This finding was confirmed by Western blot using nuclear and cytoplasmic extracts of PC12 (data not shown). When Dp-ab and d location was compared with that of AChR (Fig. 2) , it became evident that Dp-ab and AChR colocalized in the PC12 cytoplasm, membrane and neurites ( Fig. 2a ), but not in the nucleus. As for Dp-d, they colocalized in the nucleus, ER-like structures and GC-like structures and the cytoplasm but not in the neurites (Fig. 2b) .
Finally, owing to the unexpected subcellular distribution of AChR in PC12 cells in coculture, we analyzed its colocalization with syn ( Fig. 3a) , b-DG ( Fig. 3b) and Up (Fig. 3c ). AChR was distributed in cytoplasm and along neurites, while concentrating in the distal tips and varicosities. In the contacts of the neurite growth cones with L6 myotubes sarcolemma, there seemed to be an accumulation of AChR signal, suggesting a possible NMJ-like structure (Fig. 3, insert) . AChR colocalized highly with syn and b-DG, but not with Up, codistributing mainly at the distal tip of the neurite (Fig. 3c, insert) , and to a much lower extent along the neurites.
Discussion
Using cell lines as models for studying Dp and DAP functions helps analyze the role for individual elements that would be harder to test in ex-vivo experiments. The drawback of cell lines as models for dissection of cell processes is that cell-to-cell interactions are often missing and this misleads research as such systems may not respond naturally. This is the main reason why our model gains relevance, because we established conditions for testing Dp and DAP in a less isolated environment where cells can interact with others in ways closer to actual conditions. Mice lacking Dp260 or Dp71 isoforms have synapse defects leading to an abnormal electroretinogram [15] . This evidence, as well as all data linking Dp71 to synaptic vesicles in brain [16] , neurite growth cone and varicosities in PC12 cells [10] , its relations with water pore aquaporin 4 (AQP4) and Kir4.1 potassium channel subcellular localization in glial (Muller) cells, the described interactions with Kir2.2 in mouse heart and brain and likely presence in NMJ [17] , and the absence of presynaptic information regarding Dp-Up-DAP role in synapse formation, led us to ascertain whether Dp71 is related to NMJ formation.
PC12 cells reacted faster to NGF in cocultures than monocultures, including low-branching and long-extension neurites directed toward L6 myotubes; this is not unexpected as it has been shown that coculturing provides factors that can promote differentiation as was the case when skeletal myotubes were cultured in the presence of PC12 cells [18] . Furthermore, cell-to-cell contacts between distal termini of PC12 cells and L6 myotube sarcolemma resemble NMJ-like structures described by Schubert [19] . We, however, did not test these interactions for functionality.
We found AChR in PC12 cells, which is believed to have an autostimulatory effect or serve as a rectification mechanism in these cells [20] . More interesting, however, is our finding of AChR in PC12 cell nuclei (Figs 2 and 3) , an unexpected result as AChR is a transmembrane protein.
The antibody targets the a-1 subunit of the AChR, which contains the acetylcholine-binding site, being the same subunit BTx binds to [21] . As our system allows us to detect only two of the five subunits that comprise the AChR complex, it remains to be proved whether all other subunits are present, as well as the AChR functionality.
PC12 cells express no Dp protein other than Dp71; thus, the Dp-ab and d detected in our assays correspond to Dp71ab and Dp71d, respectively. Dp71d in PC12 cells does not colocalize with Dp71ab, and such differences in localization become more evident when cocultures are used. In PC12 cells differentiated in monocultures, Dp71d seemed Dp-ab and AChR (a) (b) Dp-d and AChR to be located partially in the cytoplasm and neurites [10] ; however, when cocultured with L6 myotubes, it is absent from these structures, remaining only in the nucleus and ER-like structures and GC-like structures, being depleted from cytoplasm. Such data suggest that cell-to-cell signaling might take place between PC12 cells and L6 myotubes, causing rearrangements in subcellular location. Colocalization of Dp71ab with Up and b-DG in PC12 cells in coculture resembles previous reports [10] , where Dp71ab colocalizes to a great extent with both proteins, throughout the cytoplasm and neurites, whereas Dp71d only colocalizes in the nucleus. Furthermore, Dp71ab might be interacting with DAP complex at the sites where the distal tip of the neurite contacts the L6 cell sarcolemma. Up subcellular distribution in cocultured PC12 cells is similar to previous results [10, 22] showing Up localized in the cytoplasm, nucleus and neurites (Fig. 1d) , and concentrated in the distal tips of the neurites where it contacts L6 sarcolemma (Fig. 3c , insert), colocalizing with AChR in this region. This evidence suggests that Up may play a role on the establishment of such cell-to-cell interactions. As Up has been proved to be related to NMJ formation on the postsynaptic side [2] mainly by interacting with rapsyn through b-DG, stabilizing AChR clusters in the synapse, there is a possibility that its role in the cocultured PC12 cells might be similar.
To elucidate the probable function of Dp71 in NMJ-related processes in our coculture model, we used syn [23] , reported in PC12 cells as a synaptic vesicle protein [10, 23] and found that it colocalizes to a great extent with Dp71ab in neurites and cytoplasm, and is absent from the nucleus. Interestingly, the Dp71ab signal seems to be surrounded by the syn signal (Fig. 1f, insert) , suggesting that Dp71ab might be located on the inner side of the neurite, whereas syn is attached to neurite tips, at the membrane level.
To see whether the model might resemble a NMJ, we looked for AChR and, although we were unable to see highly concentrated clusters of AChR at putative NMJ-like contacts, we found focal increased concentration and overall localization was much lower than monocultures (data not shown). Despite of the fact that intracellular presence of AChR in the ER, GC has been previously reported in a muscle cell line [24] , this is the first report we are aware of where an intracellular localization is determined in PC12 cells, and more important, in the nucleus. When syn localization is compared with AChR ( Fig. 3a) colocalization is almost complete, along all cytoplasm, neurites, growth cones and varicosities, except again at the nucleus. All these evidences suggest that Dp71ab, as well as Up, syn and AChR in PC12 cells might be involved in PC12 differentiation processes, such as neurite elongation, branching or maturation, or synaptic microvesicle transport along the neurites.
Further analysis is required to determine whether Dp71 isoforms, as well as Up and b-DG, are related to PC12 cell differentiation, and to assess their part in intercellular communication.
Conclusion
In this paper, we used cocultures of PC12 and L6 cells to understand the possible role of Dp71 isoforms in PC12/L6 interactions. By confocal microscopy we have found evidences that Dp71ab and Dp71d show a differential localization and colocalization, suggesting that Dp71ab may be involved in NMJ-like interactions whereas Dp71d does not seem to be involved in this process.
